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Wilkin Wai-Kuen Cheung and Lai-Ming Lai (1986) Light and electron micro- 
scopic observations of the midgut of the lychee stinkbug, Tessaratoma papillosa Thun. 
(Heteroptera: Tessaratomidae). Bull. Inst. Zool., Academia Sinica 25(1): 25-38. The 
midgut of Tessaratoma papillosa can be conveniently divided into 5 regions: stomach, 
tubular midgut, midgut bulb, posterior bulb, and posterior midgut. Each portion of 
the midgut has distinct types of epithelial. cells and ultrastructural pattern. The 
stomach cells contain numerous mitochondria, vacuoles, lipoid spheres, endoplasmic 
reticulum and mineral spherites. The basal plasma membrane is much infolded. 
The tubular midgut cells have essentially similar fine structure as that of the stomach 
cells but less lipoid spheres. The midgut bulb is spherical in shape. The cells have 
scanty rough endoplasmic reticulum. The bulb lumen is filled with a pasty material 
and some yellow lipoid droplets which are insoluble in water and common organic 
solvents. The posterior bulb cells have scanty mitochondria and mineral spherites. 
The bulb lumen has filamentous materials which are broken membranes. The posterior 
midgut cells have sparse microvilli and the lumen has many rod-like bacteria. The 
possible functions of each of the above gut regions in relation to their distinct mor- 
phology are discussed in this report. 


P hytophagous heteropteran insects feed 
on various parts of plants. In correspon- 
dence, they have diverse types of alimentary 
canal adapted to the specific plant parts which 
they feed on (Goodchild, 1963, 1966, 1978; 
Richards and Davies, 1977). 

Gastric caecae are usually found in the 
posterior region of the midgut, and are sup- 
posed to have an osmoregulatory function 
(Goodchild, 1963). Examples of these insects 
are such as Nezara (Malouf, 1933), Mygdonia 
(Goodchild, 1963), Rhynchocoris (Cheung, 
1977) and  Piezosternum (Goodchild, 1978). 
The gastric caecae of these heteropterans also 
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contain a lot of symbiotic bacteria, which can 
have some nutritional value to their hosts 
(Goodchild, 1963, 1978). 

In other heteropterans, however, gastric 
caecae are absent. For example, Oncopeltus 
(Hood, 1937), Dysdercus (Saxena, 1955), 
Leptocoris (Miyamoto, 1961), and Tessaratoma 
(present authors). It is worthwhile to inves- 
tigate in detail the gut structure of one of 
these insects. 

Tessaratoma papillosa feeds on lychee and 
longan trees (Kershaw, 1907). It damages the 
young shoots and fruits extensively, causing 
premature fruit drops. A detailed morpholo- 
gical study of the midgut is reported here. 
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The information obtained is useful to under- 
stand the digestive physiology and hydromin- 
eral regulation of the pest. 


MATERIALS AND METHODS 


Female adults of Tessaratoma papillsa 
Thun. were collected from lychee and longan 
groves in the New Territories of Hong Kong. 
Dissections were made in 0.2M phosphate 
buffer, pH 7.2, and pieces of Tessaratoma 
midgut were fixed in 2.5% glutaraldehyde in 
0.2M phosphate buffer, pH 7.2, for 1 hr, 
postfixed in 1.077 osmium tetroxide in phosp- 
hate buffer and embedded in araldite, epon 
or spurr resin after dehydration with acetone 
series. Sections were cut with a Reichart 
ultrotome and were stained with uranyl 
nitrate or acetate and lead citrate. Sections 
were observed in a Zeiss EM 9S-2 electron 
microscope. Thick sections for light micros- 
copy were also cut with a Reichart ultrotome 
and were stained in 1% toluidine blue in % 
borax. 

For histological observations material was 
fixed іп Formo! saline, embedded in paraplast 
(56°C) and sectioned at би. Sections were 
routinely stained with haematoxylin and 
eosin. | 


OBSERVATIONS 


. The gross anatomy of the gut of Tes- 


saratoma is shown diagrammatically in Fig.: 


1. In dissection the stomach is brown colour 
and the posterior bulb is yellow colour. 

The midgut can be divided into the fol- 
lowing regions: stomach (anterior sac), tub- 
ular midgut, midgut bulb (spherical region), 
posterior bulb, and posterior midgut. Each 
portion of the midgut has distinct types of 
epithelial,cells (Figs. 2-6). 


Stomach 


In the light microscope, transverse sections 
of the stomach (ST) show it consists of one- 
cell thick epithelium with a prominent brush 
border (Fig. 2). The epithelium is surrounded 
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Fig. l. Diagrammatic representation of the gut 
of Tessaratoma papillosa. MGB, midgut 
bulb; MT, malpighian tubule; OE, oeso- 
phagus; PB, posterior bulb; PMG, pos- 
terior midgut, RE, rectum; ST, stomach; 
TMG, tubular midgut. 


by a sheath of circular end longitudinal 
muscles (Fig. 2). The principal cells contain 
one or two nuclei, and the ground cytoplasm 
has numerous granular deposits or mineral 
spherites (Fig. 2). These mineral spherites 
stain heavily with haematoxylin or toluidine 
blue. 


Ultrastructure 


The principal. cells show a brush border 
consisting of microvilli of 24 in height (Fig. 
7). The microvilli have a surface coat of 
membranous materials and membrane-bound 
vesicles (Figs. 7, 8). 

The apical cytoplasm contain numerous 
mitochondria, vacuoles, and rough endoplasmic 
reticulum (Fig. 7). One or two nuclei are 
placed centrally in a principal cell (Fig. 7). 
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The ground cytoplasm has also many mineral 
spherites (up to Та in diameter), lipoid 
spheres, lysosomes and Golgi bodies (Figs. 
7, 9). 

The basement membrane is of the amor- 
phous type and is up to 1₪ thick (Fig. 10). 
The basal plasma membrane is much infolded, 
with numerous mitochondria associated with 
these infoldings (Fig. 10). А replacement 
cell with nucleus and mitochondria is also 
shown in Fig. 10. 


Tubular midgut 
The tubular midgut (TMG) is a short 


narrow tube (approximately 0.18cm long) 


linking the stomach with the midgut bulb 
(MGB) (Fig. 1). The principal cells are 
much elongated and closely packed together 
(Fig. 3). There are one or two nuclei in 
each principal cell. 

A sheath of circular and longitudinal 
muscles surrounds the epithelium (Fig. 3). A 
replacement cell is also shown in Fig. 3. 


Ultrastructure 


The principal cells of the tubular midgut 
have essentially similar fine structure as that 
of the stomach cells. However, fewer lipoid 
spheres are seen (Fig. 11). The ground 
cytoplasm has abundant mitochondria, mineral 
spherites, vacuoles, lysosomes, multivesicular 
body and Golgi body (Fig. 11). 


Midgut bulb 

The midgut bulb (MGB) is spherical in 
shape (Fig. 1). In dissection, the bulb lumen 
contains a pasty material and some yellow 
lipoid droplets. This pasty material and the 
yellow lipoid droplets are insoluble in water 
and common organic solvents such as ethanol 
and xylene (Fig. 4). 

In the light microscope the principal cells 
contain one or two basally situated nuclei 
(Fig. 4). Pasty materials invest the brush 
border (Fig. 4). 


Ultrastructure 
The principal cells of the midgut bulb 
has numerous mitochondria and dense bodies 


(Fig. 12). The bulb lumen is packed with 
broken membranous fibrils and ‘fuzzy’ or 
pasty material (Fig. 12). There is no sign of 
secretion of these membranous fibrils from 
the principal cells. 

The basal cytoplasm has scanty rough 
endoplasmic reticulum (Fig. 13). The basal 
plasma membrane is much infolded, with 
occasional mitochondria associated with the 
ihvaginations (Fig. 13). The amorphous base- 
ment membrane is of 14 thick (Fig. 13). 


Posterior bulb 


The posterior bulb (PB) is separated from 
the midgut bulb by a distinct constriction. 
Thus, it is discontinuous with the midgut 
bulb (Fig. 1). 

In the light microscope, the posterior 
bulb has filamentous materials investing the 
brush border (Fig. 5). The principal cells 
contain 2 nuclei placed in the central position 
(Fig. 5). | 


Ultrastructure 


The principal cells of the posterior bulb 
contain short microvilli of 1.24 in height 
(Fig. 14). The filamentous materials in the 
gut lumen are broken membranes (Fig. 14). 
The apical cytoplasm contain scattered mito- 
chondria, large vacuoles, Golgi bodies, lyso- 
somes and occasionally mineral spherites 
(Fig. 14). 

The basal plasma membrane is deeply 
invaginated (Fig. 15). There are many 
elongated mitochondria and small vacuoles 
associated with the basal infoldings (Fig. 15). 


Posteroir midgut 


The posterior midgut (PMG) tails off 
from the posterior bulb. It measures 4.1 cm 
long and is two-thirds the length of the whole 
midgut (measuring 6.1 cm in total length in 
the average adult female, Fig. 1). It is a 
narrow tube of pale wite colour. 

The posterior midgut consists of columnar 
principal cells with one or two large, oval 
nuclei (Fig. 6). The brush border is relatively 
thin (Fig. 6). 
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Transverse section of stomach. Light micrograph. Showing principal cells with brush border 
(bb), mineral spherites (s), nucleus (n), and a sheath (sh) of longitudinal muscles and circular 
muscles. 400. 


Transverse section of tubular midgut. Light micrograph. Showing principal cells with brush 
border (bb), mineral spherites (s), nucleus (n), and a sheath (sh) of longitudinal muscles and 
circular muscles. A replacement cell (rc) is also shown. 0. 


Transverse section of midgut bulb. Light micrograph. Showing principal cells with brush 
border (bb), nucleus (n), and a sheath (sh) of longitudinal muscles and circular muscles. Note 
pasty materials (p) and lipoid droplets (14) in the bulb lumen. 2400. 


Transverse section of posterior bulb. Light micrograph. Showing principal cells with brush 
border (bb), nucleus (n), and a sheath (sh) of longitudinal muscles and circular muscles. Note : 
filamentous materials (f) in the bulb lumen. »400. 


Transverse section of posterior midgut. Light micrograph. Showing principal cells with brush 
border (bb), nucleus (n), and a sheath (sh) of longitudinal muscles and circular muscles. A 
replacement cell (rc) is also shown. x400. 


Longitudinal section of principal cells of stomach. Showing 'fuzzy' surface coat (sc), microvilli 
(mv), mitochondria (m), vacuoles (v), mineral spherites (s), Golgi body (G), lipoid spheres 
(15), rough endoplasmic reticulum (rer), nucleus (п), and desmosome (d). 7200. 


High magnification of apical region of principal cell of stomach. Showing mitochondria (m), 
rough endoplasmic reticulum (rer), microvilli (mv) and a surface coat of vesicles (vs) and 
broken membranes (arrows). 0 


High magnification of lipoid sphere (15). Note Golgi body (С), lysosomes (ly), and mito- 
chondria (m). 0, | . 


Longitudinal section of basal region of principal cell of stomach. Showing basement mem- 
brane (bm), mitochondria (m), and basal membranous infoldings (arrows). A replacement 
cell (rc) with nucleus (n) is also shown. 7200. 


Longitudinal section of apical region of tubular midgut. Showing microvilli (mv) with surface 
coat (sc), mineral spherites (s), Golgi body (G), lysosomes (ly), multivesicular body (mb), 
mitochondria (m), vesicles (v), and desmosome (d). x 13800. 


Longitudinal section of apical region of midgut bulb. Showing microvilli (mv), with gut lumen 
filled with broken membranes (arrows) and paste-like material. Note dense bodies (db), mito- 
chondria (m), and desmosome (d). 9000. 


Longitudinal section of basal region of midgut bulb. Showing numerous membranous invagina- 
tions (arrows), mitochondria (m) and basement membrane (bm). 0. 


Longitudinal section of apical region of posterior bulb. Showing microvilli (mv) and gut lumen 
filled with broken membranes (arrows). Note mitochondria (m), Golgi body (G), lysosome 
(ly), mineral spherites (s), vesicle (v) and desmosome (d). 13800. 


Longitudinal section of basal region of posterior bulb. Showing numerous membranous invagi- 
nations (arrows) with mitochondria (m) associated with them. Note vesicles (v) and basement 
membrane (bm). 7200. 


Longitudinal section of apical region of posterior midgut. Showing bacteria (b) in gut lumen, 
microvilli (mv), lysosomes (ly), mitochondria (m), Golgi body (G), rough endoplasmic reticulum 
(rer), and nucleus (n). X13800. | 

Longitudinal section of basal region of posterior midgut. Showing membranous invaginations 


(arrows) with mitochondria (m), basement membrane (bm), and parts of a nucleus (n) and a 
lipoid sphere (1s).x 0. 
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Ultrastructure 


In the electron microscope the Jumen of 
the posterior midgut has many rod-like 
bacteria, measuring Зи long and ім in 
diameter (Fig. 16). 

The microvilli of the principal cells are 
sparse, and are of various lengths (Fig. 16). 
The apical cytoplasm has scattered mitoch- 
ondria, lysosomes, Golgi bodies and rough 
endoplasmic reticulum (Fig. 16). Occasionally, 
lipoid spheres can also be seen (Fig. 17). 

The basement membrane is 0.4 и thick. 
The basal plasma membrane  invaginates 
irregularly to form some intracellullular sinuses 
(Fig. 17). Many mitochondria are associated 
with the basal plasma membrane. 


DISCUSSION - 


The insect midgut carries out diverse 
functions such as enzyme secretion, dige- 
stion and absorption of nutrients, intermediary 
metabolism, and osmoregulation. Reviews of 
insect midgut functions are given by Smith 
(1968), Sud (1968), Berridge 
Wigglesworth (1972). 

Tessaratoma feeds on the young shoots 
and fruits of lychee and longan. The midgut 
is unique in that it is discontinuous between the 
midgut bulb and the posterior bulb. 

The stomach has principal cells similar to 
columnar cells of midgut of other hemipterans 
such as cicadas and cercopids (Cheung and 
Marshall, 1973), the citrus stinkbug RAyncho- 
coris (Cheung, 1977), and the lantern bug 
Pyrops (Cheung and Marshall, 1972). Here 
both secretion of enzymes and absorption of 
simple nutrients are carried out. The presence 
of numerous mitochondria, vacuoles, lysosomes, 
Golgi bodies and rough endoplasmic reticulum 
suggest these functions. 

The surface coat is less expensive than 
that of xylem sap feeding insects such as 
cicadas and cercopids (Cheung and Marshall, 
1973) and the cambium -sap feeding insect 
Pyrops (Cheung and Marshall, 1982). 

Lipoid spheres are found in the stomach 


(1970) and. 


cells and other parts of the midgut. These 
are comparable to those in the citrus stinkbug 
Rhynchocoris (Cheung, 1977) and other hemip- 
terans (Sud, 1968). It is interesting to note 
that both Tessaratoma and Rhynchocoris are 
mainly seed feeders (Cheung, unpublished 
observation). Thus, they may have excess 
fatty materials derived from seeds of their 
hosts. In Dysdercus, which is also a seed 
feeder, Sud (1968) called these lipoid spheres 
lipochondria. In contrast, xylem sap and 
cambium sap feeding hemipterans do not have 
these lipoid spheres (Cheung and Marshall, 
1973, 1982). — 

Mineral spherites are found in the stomach 
and tubular midgut cells. These spherites are 
mainly lysosomal in origin, as minerals are 
seen to accumulate in lysosomes. The mine- 
rals sequestered are largely calcium, magnesium 
and phosphate (Cheung, unpublished observa- 
tion). These spherites resemble those of the 
citrus stinkbug RAynchocoris (Cheung, 1977), | 
and other insects such as the housefly Musca 
(Sohal et al., 1977) and the lantern bug Pyrops 
(Cheung and Marshall, 1982). 

Basally, the principal cells of the stomach - 
and tubular midgut have numerous memb- 
ranous infoldings. Mitochondria are found 
to be associated with them. This ultrastruc- 
tural feature suggests the function of absorp- 
tion of nutrients (Berridge, 1970). . 

The basement membrane is unusually 
thick, of 1₪ in thickness. In other hemipteran 
insects such as PAynchocoris, it is less than 
0.54 thick (Cheung, 1977). The significance 
of this for Tessaratoma is not known. It may 
be conjectured that such thick basement mem- 
brane may safeguard the haemolymph from 
intoxicated with alkaloids present in lychee 
seeds. | 

The midgut bulb is spherical in shape 
and is a unique structure. The lumen is 
filled with a pasty material and some yellow 
lipoid droplets. The contents are insoluble 
in water and other organic solvents such as 
ethanol and xylene. The origin of the lipoid 
droplets is unknown. They may be derived 
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directly from the insects food or secondarily 
as metabolites of midgut cells. 

The midgut bulb of Tessaratoma some- 
what resembles that of Piezosternum (Good- 
child, 1978). However, it is much larger in 
Tessaratoma and is discontinuous with the 
posterior bulb. It is tempting to suggest that 
the pasty materials of the Tessaratoma midgut 
bulb might possibly be derived from the 
ingested sap of lyche seeds and shoots, and 
could be some sort of precipitated alkaloids. 
This is in contrast: to the bulb contents of 
Piezosternum (Goodchild, 1978), which are 
derived from digested caecal flora. 

The midgut bulb cells have numerous 

mitochondria and dense bodies. There could 
be some absorption in this region. This is 
further evidenced by the presence of extensive 
membranous infoldings in the basal portion 
of midgut bulb cells. 
The posterior bulb has extensive broken 
membranes in the lumen. Since this lumen 
is only continuous with the posterior midgut, 
the membranes could be derived from dege- 
nerating cells or digested bacterial flora from 
the posterior midgut. Indeed, Goodchild (1978) 
has found that digested bacterial flora are 
swept forward to the anterior part of the 
midgut of Piezosternum. 

The posterior midgut in Tessaratoma is 
unusually long as compared to other gut 
regions. Unlike Rhynchocoris (Cheung, 1977) 
and Piezosternum (Goodchild, 1978), Tessara- 
toma has no gastric caecae. Under the elec- 
tron microscope, a lot of symbiotic bacteria 
are found in the posterior midgut lumen of 
Tessaratoma. | 

The apical cytoplasm of the posterior 
midgut cells has abondant rough endoplasmic 
reticulum, Golgi bodies, mitochondria and 


lysosomes. This indicates that some sort of 
enzyme synthesis and release could occur 
here. 


The enzymes could be released into the 
posterior midgut lumen so as to digest the 
symbiotic bacteria there. This process could 
liberate some vitamins and essential amino acids 


that are not synthesized by the insect itself, 
as suggested by Goodchild (1978) for Piezos- 
ternum. 

Summing up, the midgut of Tessaratoma 
is rather unique. Its feeding habit associated 
strictly with lychee and longan hosts and the 
corresponding specialisation of the gut probably 
represent some sort of coevolution with these 
trees. It is interesting to note that a similar 
comparison also applies to the citrus stinkbug 
Rhynchocoris with citrus hosts (Cheung, un- 
published observation). 
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